We report the first measurement of the absolute branching fraction for Λ + c → Λµ + ν µ . This measurement is based on a sample of e + e − annihilation data at a center-of-mass energy of √ s = 4.6 GeV collected with the BESIII detector at the BEPCII storage rings. The sample corresponds to an integrated luminosity of 567 pb −1 . The branching fraction is determined to be B(Λ + c → Λµ + ν µ ) = (3.49 ± 0.46(stat) ± 0.27(syst))%. In addition, we calculate the ratio
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Introduction
Semileptonic (SL) decays of the lightest charmed baryon, Λ + c , provide a stringent test for non-perturbative aspects of the strong interaction theory. The Λ + c → Λℓ + ν ℓ (ℓ denotes lepton) decay is dominated by the Cabibbo-favored transition c → sℓ + ν ℓ , which occurs independently of the spin-zero and isospin-zero spectator ud diquark, to good approximation. This leads to a simpler theoretical description and greater predictive power in the non-perturbative models than in the case for charmed mesons [1] . Predictions of the branching fraction (BF) B(Λ + c → Λℓ + ν ℓ ) in different theoretical models vary over a wide range from 1.4% to 9.2% [2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13] , depending on the choice of Λ + c wave function model and the treatment of decay dynamics. In 2015, BESIII measured the absolute BF for Λ + c → Λe + ν e to be B(Λ + c → Λe + ν e ) = (3.63 ± 0.38 ± 0.20)% [14] , which disfavors the predictions in Refs. [2, 3, 5, 6, 7] at the 95% confidence level. It is desirable to test these theoretical predictions by measuring B(Λ + c → Λµ + ν µ ). In addition, lepton universality can be tested by comparing the BFs between the electronic and muonic modes.
In this paper, we report the first absolute measurement of B(Λ + c → Λµ + ν µ ) by analyzing a data sample with an integrated luminosity of 567 pb −1 [15] accumulated at a center-of-mass (c.m.) energy of √ s = 4.6 GeV with the BESIII detector at the BEPCII collider, which is the largest e + e − collision sample near the Λ + ν µ ) can be accessed by measuring the relative probability of finding the SL decay when thē Λ − c is detected in a number of prolific decay channels. This will provide a straightforward and direct BF measurement without requiring knowledge of the total number of Λ + cΛ − c pairs produced. In the following, charge conjugated modes are always implied, unless explicitly mentioned.
BESIII Detector and Monte Carlo Simulation
The BESIII [16] detector is a cylindrical detector with a solid-angle coverage of 93% of 4π that operates at the BEPCII collider. It consists of a Heliumgas based main drift chamber (MDC), a plastic scintillator time-of-flight (TOF) system, a CsI (Tl) electromagnetic calorimeter (EMC), a superconducting solenoid providing a 1.0 T magnetic field and a muon counter. The charged particle momentum resolution is 0.5% at a transverse momentum of 1 GeV/c. The photon energy resolution in the EMC is 2.5% in the barrel and 5.0% in the end-caps at 1 GeV. More details about the design and performance of the detector are given in Ref. [16] .
A GEANT4-based [17] Monte Carlo (MC) simulation package, which includes the geometric descrip-tion of the detector and the detector response, is used to determine the detection efficiency and to estimate the potential backgrounds. Signal MC samples of a Λ + c baryon decaying only to Λµ + ν µ together with ā Λ − c decaying to specified modes are generated with the KKMC [18] and EVTGEN [19] , taking into account the initial state radiation (ISR) [20] and the final state radiation (FSR) [21] effects. For the simulation of the process Λ + c → Λµ + ν µ , we use the form factor obtained using Heavy Quark Effective Theory and QCD sum rules in Ref. [10] . To study backgrounds, inclusive MC samples are simulated which consist of Λ
(s) + X production, ISR return to the charmonium(-like) ψ states at lower masses, and QED processes. The decay modes with known BFs of the Λ c , ψ and D (s) particles taken from Particle Data Group (PDG) [22] are simulated with EVTGEN, while the remaining unknown decays are generated with LUND-CHARM [23] .
Analysis
Following the similar technique of the single tag (ST) and double tag (DT) in Ref. [14] , we reconstruct theΛ 
0 and π 0 → γγ, respectively. The detailed selection criteria for charged and neutral tracks, π 0 , K 0 S andΛ candidates used in the reconstruction of tags are described in Ref. [14] .
In this analysis, the STΛ − c signals are identified using the beam energy constrained mass, Table 1 shows the mode dependent ∆E requirements and the ST yields in the M BC signal region (2.280, 2.296) GeV/c 2 , which are obtained by a fit to the M BC distributions. The detailed process to extract the ST signal yields is described in Ref. [14] . The total ST yield summed over all 11 modes is N candidates. The Λ candidate is formed from a pπ − combination that is constrained by a common vertex fit to have a positive decay length L. If multiple Λ candidates are formed, the one with the largest L/σ L is retained, where σ L is the resolution of the measured L. Particle identification (PID) is performed using probabilities derived from the specific energy loss dE/dx measured by the MDC, the time of flight measured by the TOF, and energy measured by the EMC; a µ candidate is required to satisfy L Since the neutrino is not detected, we employ the kinematic variable U miss ≡ E miss − | p miss c| to identify the neutrino signal, where E miss and p miss are the missing energy and momentum carried by the neutrino, respectively. They are calculated as
is the momentum of the Λ + c baryon, E Λ ( p Λ ) and E µ + ( p µ + ) are the energies (momenta) of the Λ and µ + , respectively. Here, the momentum p Λ [22] . For the signal events, the U miss distribution is expected to peak at zero.
The distribution of the pπ − invariant mass M pπ − versus U miss for the Λ + c → Λµ + ν µ candidates in data is shown in Fig. 1 (a) , where a cluster around the signal region is evident. After requiring M pπ − to be within the Λ signal region, the projection of U miss is shown in Fig. 1(b) . Two bumps, which correspond to the signal peak (left side) and background Λ 
We apply a fit to the U miss distribution to obtain the signal yields. The Λ + c → Λµ + ν µ signal shape is described with a function f , which consists of a Gaussian function to model the core of the U miss distribution and two power law tails to account for the effects of ISR and FSR in the form [25] of
Here, t ≡ (U miss − U mean )/σ Umiss , U mean and σ Umiss are the mean value and resolution of the Gaussian function, respectively, Fig. 1(a) , the background events from the non-Λ SL decays is found to be negligible.
The absolute BF for Λ + ν µ ) = (3.49 ± 0.46 ± 0.27)%, where the first uncertainty is statistical, and the second uncertainty is systematic as described below.
With the DT technique, the uncertainties on the BF measurement are insensitive to those originating from the ST side. The systematic uncertainties for measuring B(Λ + c → Λµ + ν µ ) mainly arise from the uncertainties related to the tracking and PID of the muon candidate, Λ reconstruction, U miss fit, peaking background subtraction, E γmax and M Λµ + requirements, and signal MC modeling. Throughout this paragraph, the systematic uncertainties quoted are relative uncertainties. The uncertainties of the µ + tracking and PID are determined to be 1.0% and 2.0%, respectively, by studying a control sample of e + e − → (γ)µ + µ − events. The uncertainty of the Λ reconstruction is determined to be 2.5% by studying a control sample of χ cJ → ΛΛπ + π 0 backgrounds with a Gaussian function to accommodate the resolution difference between the data and MC simulation. The uncertainty in the E γmax requirement is estimated to be 2.6% by using a control sample of e + e − → ppπ + π − events. The uncertainty in the M Λµ + requirement is estimated to be 2.0% by comparing the obtained B(Λ + c → Λµ + ν µ ) under the alternative requirements of M Λµ + < 2.07 GeV/c 2 or M Λµ + < 2.17 GeV/c 2 with the nominal value. The uncertainty in the signal MC model is estimated to be 5.2% by varying the parameterization of the form factor function according to Refs. [10, 26] and by taking into account the q 2 dependence observed in data. In addition, there are systematic uncertainties from the quoted B(Λ → pπ − ) (0.8%), the N tot Λ − c (1.0%) evaluated by using alternative signal shapes in the fits to the M BC spectra [14] , and MC statistics (0.8%). All these systematic uncertainties are summarized in Table 2 , and the total systematic uncertainty is evaluated to be 7.7% by summing up all the individual contributions in quadrature.
The ratio of branching fractions B(Λ + ν e ) = (3.63±0.38(stat)±0.20(syst))% from BESIII [14] .
We determine B(Λ
+ ν e ) to be 0.96 ± 0.16 ± 0.04, where the first uncertainty is statistical and the second is systematic, in which the common systematic uncertainties from the tracking efficiency, the Λ reconstruction, the quoted BF for Λ → pπ − , the number ofΛ 
Summary
In summary, based on the e + e − collision data corresponding to an integrated luminosity of 567 pb −1 taken at √ s = 4.6 GeV with the BESIII detector, we report the first direct measurement of the absolute BF for Λ + c → Λµ + ν µ to be (3.49 ± 0.46 ± 0.27)%, where the first uncertainty is statistical and the second is systematic. The result is consistent with the value in PDG [22] within 2σ of uncertainty, but with improved precision. This study helps to extend our understanding on the decay mechanism of the Λ + ν e ) in Ref. [14] provide stringent tests on these non-perturbative models.
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